Introduction
Microfluidic devices have a substantial impact on clinical analysis practices and in industrial applications in the food and chemical industries, etc. The small flow channels incorporated in microfluidic systems increase the surface-to-volume ratio and are advantageous in many applications; however, the characteristic Reynolds number for liquids flowing in these microchannels is very small (typically <10). At such low Reynolds numbers, turbulent mixing does not occur and homogenization of the solutions occurs through diffusion processes alone. Hence, a satisfactory mixing performance generally requires the use of extended flow channels and takes longer to accomplish such that the practical benefits of such devices are somewhat limited.
Increasing the contact area of the samples to be mixed is an efficient means of promoting the diffusion effect. Previous researchers have demonstrated a variety of passive mixing techniques to enhance the diffusion efficiency. [1] [2] [3] The multiple folding of samples in the microchannel represents a further means to increase the contact area in passive mixing apparatus with different fabrication in silicon. [4] [5] [6] Alternatively, passive mixing utilizing surface hetereogeneity was also demonstrated. [7] The application of external forces to perform active fluid mixing is also a commonly applied technique. The use of embedded PZT ultrasonic transducers to generate acoustic waves for the efficient stirring of samples in a micromixer has been successfully reported. [8] Lu et al. [9] proposed an elaborate microdevice for microfluidic mixing in which micro magnetic stirrers were fabricated using surface micromachining techniques. Microfluidic devices incorporating T-form microchannels and utilizing electrokinetic forces to drive the sample fluid are widely used in a variety of bioanalytical applications, including DNA restriction, multiple sample injection, sample extraction, controlled fraction mixing etc. Developing a simple and reliable electrokinetically driven mixing method is of great practical importance.
Results and discussion
As shown in Figure 1 , this study considers a T-type micro-channel with two electrodes installed at two inlets, and the outlet connects to ground. The lower inlet is applied with a DC constant electric field, and the upper inlet is applied with a sinusoidal electric field through half-wave rectification. The streams ratio from two inlets can be easily adjusted by change value of the applied DC voltage at lower inlet. The sinusoidal electric field through half-wave rectification can prevent the solution from return to the reservoir. The amplitude and frequency of the sinusoidal voltage through half-wave rectification is 20 V and 4 Hz respectively. Figure 2 demonstrates the temporal evolutions of concentration under the influence of the AC electric field at the upper inlet while a 12V DC voltage is applied at the lower inlet. Due to the applied AC electric field at the upper inlet, the momentums of the two streams from the two inlets are unbalanced. At the junction of the T-type microchannel, the interface of the two streams from the two inlets becomes a wave form propagating downstream with the velocity of the electroosmotic flow. The wave pattern in the interface will increase the contact areas and the convective effect of the two streams. Figure 3 shows the distributions of the mixing efficiency along the main mixing channel under the influence of the applied voltage mode in Fig. 2 . As shown in Fig.  3 , a mixing performance as high as 92% can be achieved within a mixing distance of 5mm. This result shows that the applied voltage mode in this study can make the microfluidic mixing efficiently.
By adjusting the value of the applied DC voltage at the lower inlet, the flow rate ratio of the two streams from the two inlets can be determined. When a 12.74V DC voltage is applied to the lower inlet, the momentums of the introduced streams from the two inlets are almost balanced. The interface of the two streams in the junction region swings at the position near the middle height of the main mixing channel. The fully mixed normalized concentration is 0.49. When a 16V DC voltage is applied to the lower inlet, the interface of the two flows will locate at the position near the top inlet. The fluids which flow into the main mixing channel almost come from the lower inlet, and the downstream normalized concentration reaches 0.99. Figure 4 shows the distributions of solution concentrations at fully mixing states as a function of variations of the DC applied voltage and the mean value of the AC applied voltage. When the value of the variation is positive, the mean value of AC voltage is less than the DC voltage. However, when the value of the variation is negative, the mean value of AC applied voltage is greater than the DC voltage. As shown in the Fig. 4 , threshold values of 3V and -2V are found. When the applied voltage variations are beyond 3V, the main mixing channel is filled with the fluid from the lower inlet. However, when the applied voltage variations are below -2V, the fluid from the lower inlet fill the main mixing channel. Between the two critical values, the fully mixed concentrations and the applied voltage variations almost reveal a linear relationship. The relationships among threshold values, the frequency of the AC applied electric field and the width of the microchannel will be further investigated in the full paper.
Conclusions
The DC and AC electric fields applied at two inlets of the T-type microchannel make the momentums of two streams from the inlets unbalanced. Periodic wavy-pattern forms in the contact interface and propagates downstream. Through the wavy motion, the fluids in main mixing channel can be fully mixed in finite time and channel length. By adjusting the driving DC voltage applied at the lower inlet, the flow rate ratio of the two streams driven into the main mixing channel can be controlled, and the mixing efficiency can also be enhanced by the applied AC electric field. In this study, the relationship between the full mixing concentration and the variations of the applied voltages and the threshold value of the voltage variation are further investigated. 
